Pseudomonas aeruginosa is an opportunistic pathogen that causes a wide range of acute and chronic infections, including sepsis and wound and pulmonary infections (27) . In particular, this organism is a major cause of pulmonary damage and death in patients with cystic fibrosis, diffuse panbronchiolitis, and other forms of bronchiectasis (13, 45, 46) . Colonization of the respiratory tract with P. aeruginosa leads to an exuberant inflammatory response in the airways that is characterized by large numbers of neutrophils (1) . Although the mechanisms by which the organism evades neutrophil defenses are unclear, P. aeruginosa persists in the tissues, resulting in chronic colonization and infection of the lungs of patients.
This organism is known to produce a variety of virulence factors, such as pigment, protease, and exotoxins. The synthesis of these factors is regulated by a cell-to-cell signaling mechanism referred to as quorum sensing (24) , which was originally described in Vibrio fischeri as a LuxR/LuxI-type system (17) . Las and Rhl are known to be two major quorum-sensing components in P. aeruginosa, and this mechanism enables bacteria to coordinately turn genes on and off in a density-dependent manner by the production of small diffusible molecules called autoinducers (42) . P. aeruginosa predominately produces two autoinducers, N-3-oxododecanoyl homoserine lactone (3-oxo-C 12 -HSL) and N-butyryl-L-homoserine lactone (C 4 -HSL) (25, 26) . The expression of these autoinducer-regulated virulence factors directly contributes to bacterial colonization and dissemination, which may determine the course and outcome of the disease in individuals infected with P. aeruginosa.
Recently, it has become apparent that Pseudomonas HSLs are not only important in the regulation of bacterial virulence genes but also interact with eukaryotic cells and modulate immune responses (7, 30, 40) . Stimulation of human lung structural cells, such as fibroblasts and bronchial epithelial cells, with C 12 -HSL induces production of the chemokine interleukin-8 (IL-8) (34) . More recently, it has been reported that 3-oxo-C 12 -HSL induced cyclooxygenase 2 and prostaglandin E 2 production in human lung fibroblasts, suggesting a pivotal role for 3-oxo-C 12 -HSL in inflammation (36) . Also, other investigators have reported inhibition of IL-12 in peritoneal exudate cells (40) and stimulation of gamma interferon in T cells by 3-oxo-C 12 -HSL (35) . These data demonstrate that the Pseudomonas autoinducer 3-oxo-C 12 -HSL is a potent immunomodulator of multiple different eukaryotic cells and that production of 3-oxo-C 12 -HSL may greatly affect the ability of the bacterium to cause disease.
Neutrophils play a critical role in the phagocytosis and killing of P. aeruginosa and subsequently die through the onset of apoptosis. The physiological process of apoptosis at the site of infection is regulated not only by host factors but also by pathogens themselves (50) . For examples, Fan and collaborators have reported inhibition of apoptosis in Chlamydia-infected cells through blockade of mitochondrial cytochrome c release and caspase activation (10) . On the other hand, type III secretion systems, specific machinery that delivers a set of bacterial factors into host cells, are a critical apparatus for induction of apoptosis in several organisms, including P. aeruginosa (12, 16, 18, 48) . In Pseudomonas-induced apoptosis, a variety of virulence determinants, such as pyocyanin (41) , exoenzyme S (18), and cell surface porin (3), have been reported to manipulate the host apoptosis cascade. Although inappropriate induction of eukaryotic cell apoptosis could impair host defenses and favor bacterial survival and persistence, which bacterial factor(s) is responsible for and the precise pathogenesis of pathogen-induced apoptosis in the lungs of patients with chronic P. aeruginosa infections are still poorly understood.
Here we investigated the potential of Pseudomonas autoinducers and their analogues to induce apoptosis in several types of cells. Our data demonstrate that 3-oxo-C 12 -HSL accelerated apoptosis in macrophages and neutrophils but not in epithelial cells. The structure-activity correlation experiments show that the effect of 3-oxo-C 12 -HSL is strictly specific to this molecule. The roles and significance of apoptosis induction by a bacterial autoinducer, especially in a setting of persistent pulmonary P. aeruginosa infection, are discussed.
MATERIALS AND METHODS
Mice. C57BL/6 mice were purchased from Charles River Japan (Kanagawa, Japan). All mice were housed under specific-pathogen-free conditions at the animal care facility of the Toho University School of Medicine. Mice were 6 to 8 weeks old at the start of the experiments.
Culture conditions for BM-derived macrophages. Macrophages were derived from the bone marrow (BM) exudates of mouse femurs as described previously (38) . BM cells were cultured in RPMI 1640 medium (Gibco, Grand Island, N.Y.) containing 20% heat-inactivated fetal bovine serum (FBS; HyClone Laboratories, Logan, Utah), 30% L-cell-conditioned medium as a source of macrophage colony-stimulating factor at 37°C in a humidified atmosphere containing 5% CO 2 . After 6 to 7 days of incubation, loosely adherent cells were collected by chilling the dish on ice and gently washed with ice-cold phosphate-buffered saline. Cells were collected by centrifugation and plated in tissue culture wells in RPMI 1640 medium containing 10% FBS. Macrophages were cultured for an additional day prior to the start of an experiment.
Preparation of cell lines and mouse neutrophils. U-937 (human macrophage), P388D1 (mouse macrophage), CCL-185 (human lung epithelial), and HEp-2 (human epithelial) cells were obtained from the American Type Culture Collection and maintained in RPMI 1640 medium supplemented with 10% FBS. Cells were passed every 4 to 5 days by using 0.05% trypsin with 0.1% EDTA to dissociate adherent cells. To obtain enriched populations of neutrophils, the peritoneal cavity was washed with heparinized phosphate-buffered saline 20 h after administration of a peritoneal injection of 2% thioglycolate (2 ml). After centrifugation, collected cells were resuspended in RPMI 1640 medium containing 10% FBS and incubated in 5% CO 2 for 2 h at 37°C. Nonadherent cells were resuspended in RPMI 1640 medium containing 10% FBS and used for subsequent experiments as neutrophils (47) . These cells were judged to be more than 90% neutrophils, as assessed by light microscopy of Diff-Quick-stained cytospin preparations.
Assessment of cell viability. Viability of cells treated with Pseudomonas HSL was measured by using TetraColor ONE (Seikagaku Kogyo, Tokyo, Japan) in accordance with the manufacturer's instructions (22) . At the indicated time points, 10 l of this reagent was added to each well and incubated for an additional 4 h. The absorbance at 450 nm was monitored, and percent viability of cells was calculated by comparison to that of nontreated control cells.
Synthesis of Pseudomonas HSLs and their analogues. C 4 -HSL, 3-oxo-C 12 -HSL, and several HSL analogues were synthetically produced as follows (Fig. 1) . For compounds 1 and 2, pentanoic acid; ethyl 3-oxoheptanoate, which was converted to 3-oxoheptanoic acid by an ordinary hydrolysis reaction and crystallized from ether-n-hexane; and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride were obtained from Tokyo Kasei Kogyo Ltd. (Tokyo, Japan). To a solution of S-(Ϫ)-␣-amino-␥-butyrolactone hydrobromide (1 mmol; Sigma, St. Louis, Mo.) in water (1 ml) neutralized with triethylamine (153 l) was added a solution of carboxylic acid (1.1 mmol) in a mixture of dioxane (14 ml), water (2 ml), and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (400 mg). The mixture was stirred at room temperature for 1.5 to 2 h and then evaporated. The residue was diluted with ethyl acetate, washed with 5% HCl-5% NaHCO 3 -saturated NaCl, dried over anhydrous Na 2 SO 4 , and evaporated. The residue was recrystallized from acetone-ether.
An acyl compound, 3-oxododecanoic acid, was prepared by treatment of 2-undecanone with 1 equivalent of lithium bis(trimethylsilyl)amide in tetrahydrofuran at Ϫ78°C for 1 h, followed by addition of excess crushed dry ice. 3-Oxo-C 12 -L-HSL and compound 4 (3-oxo-C 12 -D-HSL) were synthesized by coupling of L-or D-HSL hydrobromide and 3-oxododecanoic acid with 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide, 1-hydroxybenzotriazole, and triethylamine in dichloromethane, respectively. C 4 -HSL or compound 3 (C 12 -HSL) was synthesized under the same reaction conditions used to make 3-oxo-C 12 -HSL, by using butyric acid or dodecanoic acid as an acyl substrate, respectively. However, synthesis of C 4 -HSL was carried out without 1-hydroxybenzotriazole. Synthesis of compound 5 (3-oxo-C 12 -Ala-OMe) was also accomplished by coupling of 3-oxododecanoic acid and L-alanine methyl ester hydrochloride under the same conditions. Synthesized C 4 -HSL and 3-oxo-C 12 -HSL are structurally and functionally identical to the natural molecules produced by P. aeruginosa. Each lot of HSLs and the analogues was shown to be pure by HPLC and 1 H nuclear magnetic resonance experiments. No detectable levels of endotoxin were found in preparations of these substances with a Limulus amebocyte lysate assay.
ELISAs for MIP-2 and MCP-1. Macrophage inflammatory protein 2 (MIP-2) is a human homologue of IL-8 and an important chemokine for neutrophils, whereas macrophage chemotactic protein 1 (MCP-1) is a strong macrophagemonocyte chemotactic factor. Levels of MIP-2 and MCP-1 in the culture supernatant of cells treated with or without Pseudomonas HSL were determined with a commercially available enzyme-linked immunosorbent assay (ELISA) kit (DuoSet ELISA development system; R&D Systems) in accordance with the manufacturer's directions. This ELISA method consistently detected murine MIP-2 and MCP-1 concentrations greater than 20 to 50 pg/ml. The ELISA did not cross-react with other chemokines and cytokines, such as keratinocyte-derived chemokine, MIP-1␣, RANTES, IL-1, IL-2, IL-6, or tumor necrosis factor alpha.
Assessment of apoptosis. Cells were treated with or without HSL and collected at the indicated time point. After cytocentrifuge preparations, cells were stained with Diff-Quick, and cellular and nuclear morphology was examined. To evaluate induction of apoptosis, levels of histone-associated DNA fragments and caspase 3 and 8 activities were determined in cells exposed to C 4 -HSL or 3-oxo-C 12 -HSL. DNA fragmentation was quantified by measurement of histone-associated DNA fragments with an ELISA kit (Cell Death Detection ELISA plus ; Roche Diagnostics GmbH). Caspase 3 and 8 activities were determined by colorimetric assays (R&D Systems), in which caspase-specific peptides conjugated to the color reporter molecule p-nitroanilide were used. The data are expressed as fold increases compared to the values of control cells (n ϭ 5).
Flow cytometry. Annexin V binding to cells was performed with an apoptosis detection kit (BD Bioscience, San Jose, Calif.). Briefly, 10 5 cells treated with or without HSLs for 4 h were labeled with annexin V-fluorescein isothiocyanate and propidium iodide for 15 min at 25°C in the dark and analyzed by two-color flow cytometry (FACScan flow cytometer; Becton Dickinson, San Jose, Calif.) with CellQuest analysis software (Becton Dickinson) as previously described (14) .
Statistical analysis. 
RESULTS
Effects of Pseudomonas HSLs on production of the chemokines MIP-2 and MCP-1 in BM-derived macrophages. BMderived macrophages were incubated with various concentrations (0.4 to 50 M) of C 4 -HSL or 3-oxo-C 12 -HSL for 24 h, and then levels of MCP-1 and MIP-2 in the culture supernatants were examined (Fig. 2) . We did not observe any induction of MIP-2 and MCP-1 by C 4 -HSL at the concentrations examined. In contrast, significant and concentration-dependent induction of MIP-2 was demonstrated by 3-oxo-C 12 -HSL. Interestingly, 50 M 3-oxo-C 12 -HSL induced a rapid drop in MIP-2 production in BM-derived macrophages. On the other hand, the effects of 3-oxo-C 12 -HSL on MCP-1 were different. A significant reduction in MCP-1 was demonstrated in cells treated with 3-oxo-C 12 -HSL from a concentration of 10 M. These results are consistent with previous reports demonstrating specific effects of 3-oxo-C 12 -HSL on the induction of neutrophil-chemotactic factor IL-8 in human fibroblasts and epithelial cells (7, 34) . Also, our data show that 3-oxo-C 12 -HSL, but not C 4 -HSL, suppressed MCP-1 and MIP-2 at relatively higher concentrations. (Fig. 3a) . No change in viability was seen in cells treated with C 4 -HSL during the course of the experiment. In contrast, 3-oxo-C 12 -HSL drastically induced loss of viability. Cell viability decreased to less than 50% at 1 h and to nearly 10% at 6 h after addition of 3-oxo-C 12 -HSL. At 2 h of incubation, significant loss of viability was observed from 12 M 3-oxo-C 12 -HSL in a concentration-dependent manner. These data demonstrate that Pseudomonas 3-oxo-C 12 -HSL, but not C 4 -HSL, induces loss of viability in BM-derived macrophages.
Sensitivity of various types of cells to Pseudomonas HSL. Next, we examined whether the effects of 3-oxo-C 12 -HSL on cell viability are specific to BM-derived macrophages. Several types of cells (neutrophils and U-937, P388D1, CCL-185, and HEp-2 cells) were incubated with C 4 -HSL or 3-oxo-C 12 -HSL (50 M) for 2 and 24 h, and then cell viability was compared to that of the same types of cells incubated without HSL (Fig. 4) . CCL-185 and HEp-2 are cell lines derived from epithelial cells, whereas U-937 and P388D1 are monocytic cells. We did not observe any loss of viability in the cells examined in the presence of 50 M C 4 -HSL. In contrast, 3-oxo-C 12 -HSL induced significant loss of viability in neutrophils and U-937 and P388D1 cells, but not in CCL-185 and HEp-2 cells. Morphological changes, such as aggregation and shrinkage of cells, were observed in neutrophils and macrophage cell lines, but not in epithelial cell lines (data not shown). In particular, neutrophils were shown to be the most sensitive cells to the (Fig. 5) . When neutrophils were incubated with 50 M C 4 -HSL, we did not observe any change in morphology. In contrast, this concentration of 3-oxo-C 12 -HSL induced alterations in morphology characterized by nuclear fragmentation and chromatin condensation, which are indicative of apoptosis. We observed similar morphological changes in U-937 cells when they were exposed to 3-oxo-C 12 -HSL, but not when they were exposed to C 4 -HSL. The observation of these morphological changes caused by 3-oxo-C 12 -HSL prompted us to examine apoptotic markers in these cells. U-937 cells were incubated with 50 M C 4 -HSL or 3-oxo-C 12 -HSL for 4 h, and then apoptotic markers, such as caspases 3 and 8 and histone-associated DNA fragments, were examined in cell lysates (Fig. 6a) . C 4 -HSL treatment did not induce these apoptotic factors. In contrast, a significant increase in these factors was demonstrated in cells treated with 3-oxo-C 12 -HSL. Furthermore, phosphatidylserine expression on the cell surface, which is a specific marker of cells entering apoptosis, was examined by flow cytometry (Fig. 6b) . Approximately 5% of both the control and C 4 -HSL-treated cells were judged to be entering apoptosis on the basis of their surface expression of positive annexin V and negative propidium iodine. In contrast, more than 50% of the 3-oxo-C 12 -HSL-treated cells were apoptotic. Taken together, these data strongly suggest that Pseudomonas 3-oxo-C 12 -HSL, but not C 4 -HSL, accelerates apoptosis, which may be associated with the loss of viability seen in macrophages and neutrophils when they were exposed to 3-oxo-C 12 -HSL.
Effects of several HSL analogues on cell viability. Next, we examined whether this HSL-induced cytotoxicity is structurally specific to the 3-oxo-C 12 -HSL molecule and which part of the 3-oxo-C 12 -HSL structure is critical for this phenomenon. To determine the molecular basis of this activity, we synthesized a set of HSL analogues on which structural alterations were performed (Fig. 1 ). Cells were incubated with or without these compounds, and viability was examined (Fig. 7) . In these experiments, we did not observe any change in viability caused by any of these compounds, except 3-oxo-C 12 -HSL. These data suggest that the fine structure of 3-oxo-C 12 -HSL, in addition to the HSL backbone and the length of side chains, may be important for the maximal ability of this molecule to express cytotoxic activity.
DISCUSSION
The present data demonstrate that 3-oxo-C 12 -HSL, an autoinducer of the Las quorum-sensing system, specifically induces apoptosis in neutrophils and macrophages. Since apoptosis is a critical event for immunological and inflammatory processes, dysregulation of this physiological cascade may greatly favor bacteria for their survival and persistence. These results further reinforce the current concept that bacterial HSLs not only regulate bacterial virulence factors but also modulate eukaryotic cell functions, suggesting that this mole- cule has a pivotal role in the pathogenesis of P. aeruginosa infection (36) . The features of chronic P. aeruginosa infection in the lungs of cystic fibrosis patients are predominantly characterized by a massive influx of neutrophils into the airway. Several bacterial components or products, such as flagellin (7), pyocyanin (41) , and nitrite reductase (21) , are responsible for the induction of neutrophil chemotactic factors. Direct evidence of the involvement of quorum-sensing molecules in neutrophil influx was first reported by DiMango and collaborators, who have demonstrated that diverse Pseudomonas gene products, including the autoinducer 3-oxo-C 12 -HSL, stimulate IL-8 production in respiratory epithelial cells (7) . Recently, it has been reported that 3-oxo-C 12 -HSL-mediated IL-8 production in fibroblasts and epithelial cells is transcriptionally regulated by NF-B and activator protein 2 (34) . Our data are in accordance with these reports and further demonstrate the specific ability of 3-oxo-C 12 -HSL to induce the chemokine MIP-2 (a murine homologue of IL-8) in murine BM-derived macrophages. In contrast, although the meaning and significance of the finding are not known, we observed suppression of MCP-1 by 3-oxo-C 12 -HSL. This is in contrast to the result obtained with the murine skin injection model, in which a more-than-sixfold increase in MCP-1 mRNA was demonstrated (35) . Other investigators have reported the involvement of 3-oxo-C 12 -HSL in the balance between Th1 and Th2 by demonstrating suppression of IL-12 in macrophages and promotion of immunoglobulin G1 and immunoglobulin E production in spleen cells (40) . Taken together, these data strongly suggest that the Pseudomonas In patients with chronic P. aeruginosa infections of the lungs, the organism is found in microcolonies or in a biofilm that consists of clusters of bacteria embedded in a matrix of polysaccharide (19, 32) . Although the concentration of autoinducers in the lungs of P. aeruginosa-infected patients remains unknown, C 4 -HSL and 3-oxo-C 12 -HSL, in addition to mRNAs for these autoinducers and autoinducer-regulated virulence factors, were detected in the sputum of these patients (8, 37) . These data indicate that a functional cell-to-cell signaling mechanism occurs in the airways of these patients. It has been shown that biofilms of P. aeruginosa grown in vitro can produce approximately 600 M 3-oxo-C 12 -HSL, a concentration that is significantly higher than what has previously been measured in planktonic cultures (4) . Considering the fact that most of the P. aeruginosa bacteria are present in a biofilm in the lungs of patients with chronic infections, the concentration of autoinducers, at least in some areas of the active site of infection, may be equivalent to or higher than 12 to 50 M, concentrations at which we consistently observed induction of apoptosis in susceptible cells. However, the concentration that eukaryotic cells in the lungs would actually be exposed to remains an important question. Recently, several investigators have reported that sequential activation of quorum-sensing systems is critical for P. aeruginosa biofilm differentiation and maturation (6, 23) . Experiments to determine whether lower concentrations of 3-oxo-C 12 -HSL act in concert with other bacterial products, such as biofilm matrix molecules, are ongoing in our laboratory.
Apoptosis is important in the normal resolution phase of inflammation, since it leads to functional down-regulation (44) and to the recognition and clearance of apoptotic neutrophils by macrophages (31) . Ingestion of apoptotic neutrophils triggers macrophages to produce antiinflammatory cytokines and suppresses the generation of proinflammatory mediators (9, 20) . Since apoptotic death is less proinflammatory, inappropriate induction of apoptosis rather than necrosis could confer a further advantage on an invading pathogen. A wide range of pathogens have been reported to interfere with the apoptosis cascade as a survival strategy by means of an array of pathogen-encoded virulence determinants (11, 43) . Recently, Usher and colleagues have reported induction of neutrophil apoptosis by Pseudomonas pyocyanin and suggested it as a potential mechanism of persistent infection (41) . In addition, a variety of cells, including macrophages, epithelial cells, fibroblasts, and T cells, have been shown to be targets of P. aeruginosa-induced apoptosis (2, 12, 18) . The present study showed that macrophages and neutrophils are susceptible, while epithelial cells are resistant, to 3-oxo-C 12 -HSL-induced cytotoxicity. However, the susceptibility of these cells to apoptosis at sites of infection, especially in the airways of cystic fibrosis patients, may be more complicated because bacterial components and products induce apoptosis-inhibiting factors, such as granulocyte colony-stimulating factor and granulocyte-macrophage colonystimulating factor (29) . Although the precise mechanisms of 3-oxo-C 12 -HSL-mediated apoptosis remain unknown, a clear elevation of caspase 3 and 8 activities in susceptible cells was observed. An increase in caspase 8 activity may be important because this enzyme play a critical role as the initiator caspase in the extrinsic apoptotic cascade (28) . The effects of 3-oxo-C 12 -HSL on an upstream molecule(s) in the extrinsic pathway, such as Fas and the Fas-associated death domain, may be potential candidates for research into mechanisms of 3-oxo-C 12 -HSL-induced apoptosis. In this regard, Jendrossek and colleagues have reported that P. aeruginosa infection triggered up-regulation of Fas expression in epithelial cells and that a deficiency in Fas or Fas ligand prevented Pseudomonas-induced apoptosis (15) .
We propose a mechanism of chronic P. aeruginosa infection of the lungs involving quorum-sensing systems (Fig. 8) . P. aeruginosa produces HSLs, which induce the production of a panel of virulence factors. Activation of the quorum-sensing cascade also promotes biofilm formation at the site of infection, which makes conditions more favorable for bacterial persistence in the lungs. Bacterial autoinducers, especially 3-oxo-C 12 -HSL, stimulate several types of cells, such as epithelial cells, fibroblasts, and macrophages, to induce production of neutrophil chemotactic factors (IL-8 in humans and MIP-2 in mice). Migrated neutrophils are triggered to produce several toxic substances for killing of bacteria, but these molecules, as well as bacterial virulence factors, also cause the tissue destruction that is a hallmark of the lungs of cystic fibrosis patients. In those lungs, at least where bacteria are actively producing autoinducers and autoinducer-regulated virulence factors, cells may be exposed to these bacterial factors. Because of their short life span, neutrophils start to enter apoptosis, and this process may be accelerated by the presence of bacterial factors, such as 3-oxo-C 12 -HSL, as described in this report. Apoptotic neutrophils, in addition to secreted mucus and other cell debris, may become nutrients for the growth of bacteria and a niche for their survival. Taken together, our data support the notion that Pseudomonas quorum-sensing systems contribute to bacterial colonization of and persistence in the lungs through bifunctional ways, i.e., (i) modulation of bacterial functions and biofilm formation and (ii) dysregulation of host immune systems.
Now that the pathological roles of the quorum-sensing system in P. aeruginosa infection are known, quorum-sensing system inhibition by interference with the activation cascade or, more specifically, by suppression of autoinducer production has been considered an attractive therapeutic strategy. Recently, we have reported that the macrolide antibiotic azithromycin strongly suppressed the Pseudomonas quorum-sensing system, especially production of 3-oxo-C 12 -HSL (39) . Also, the use of autoinducer analogs as competitors is currently being explored (5, 33, 49) . In this regard, our data obtained from a set of HSLs demonstrate that the fine structure of 3-oxo-C 12 -HSL, in addition to the HSL backbone and side chain length, may be important for maximal activity, which suggests a specific binding molecule or site in cells as a target for 3-oxo-C 12 -HSL. Given that 3-oxo-C 12 -HSL-induced apoptosis plays a crucial role in the pathogenesis of P. aeruginosa infection, the search for and identification of a eukaryotic molecular target for 3-oxo-C 12 -HSL is a promising research subject.
In conclusion, the present data demonstrate that the Pseudomonas autoinducer 3-oxo-C 12 -HSL specifically induced apoptosis in critical cell populations, i.e., macrophages and neutrophils. Induction of apoptosis in phagocytes may thus be another powerful weapon used as a host defense evasion strategy by this organism. Further understanding of the cellular mechanisms of 3-oxo-C 12 -HSL-induced cell death may provide new insight into the mechanisms of persistence of this organism in the lungs and may also give rise to therapeutic strategies aimed at preserving the host responses to this serious infection.
